Summary.-Lung primary carcinomas and normal tissue from 136 patients have been extracted for prostaglandins, and the findings examined in relation to histology. In most cases, tumours yielded more prostaglandin-like material (PG-lm), as judged by bioassay, than did normal tissue from the same lungs. Amounts varied with the tumour types, in the following ascending order: small-cell carcinomas, large-cell undifferentiated carcinomas, well-differentiated squamous carcinomas, poorly-differentiated adenocarcinomas, poorly differentiated squamous carcinomas, and well-differentiated adenocarcinomas. Tumour PG-lm was highest when necrosis or the neutrophil content of the tumours were moderate, whereas PG-lm from normal lung tissue correlated with the number of macrophages. Chromatography indicated the presence of various prostaglandins, in agreement with our recent findings using gas chromatography-mass spectrometry.
PROSTAGLANDINS have been studied in various human cancers (see Bennett, 1979 Bennett, , 1982 . With breast carcinomas, the amount of prostaglandin-like material (PG-lm) extracted from the tumours or formed by microsomal enzymes correlates with tumour invasion and spread (Bennett et al., 1977; Rolland et al., 1980) , and shows an inverse correlation with patient survival Bennett et al., 1979) . Prostaglandins in lung cancer have previously been little studied (Sandler et al., 1968; Hensby et al., 1982) . We now report investigations of prostaglandins extracted from different types of lung carcinoma, and relate them to histological features. A preliminary account of this work has already appeared (Bennett et al., 1981) .
PATIENTS AND METHODS
The studies were carried out on tissue from 171 patients undergoing pneumonectomy or lobectomy for lung cancer at the Brook Hospital, London. None of the patients had received previous treatment for lung cancer.
The size of the fresh surgically-resected lung tumour was measured, and part of the tumour and macroscopically normal tissue (usually taken from the edge of the specimen at least 6 cm from the tumour) were provided by a pathologist. Several representative blocks of tumour retained by the pathologist were examined by routine histology. The samples given to us were put into containers and transported to the laboratory on ice within 1 h of removal. They were studied either immediately or, in 5 cases, after overnight storage at 4°C. Before extraction for prostaglandins, another section of each tissue was prepared for a detailed histological assessment. The remaining tissues were cut finely with scissors, washed several times with Krebs solution and weighed. One portion of each sample was homogenized in Krebs solution: ethanol (1: lv/v) acidified to approximately pH 3 with formic acid, to yield basal amounts of tissue PG-lm. The remaining portion was homogenized in Krebs solution alone which allows new prostaglandin synthesis from endogenous precursors released during homogenization (Bennett et al., 1973) . This PG-lm is referred to as "total" since it reflects amounts of newly synthesized + basal PG-lm. The individual samples were extracted for prostaglandins (Unger et al., 1971) and bioassayed on the rat fundus strip preparation in Krebs solution containing various antagonists which improve the selectivity and sensitivity of the preparation (Gilmore et al., 1968; Bennett et al., 1973) . The activity in the sample was assayed against PGE2 and the results expressed as ng PGE2 equivalents/g wet tissue. Characterization of the extracted PG-lm was carried out using various systems. Extracts were chromatographed, with authentic PGE1, E2, E3, Fl,, F2a, F31 and 6-keto-Fl, as standards, using paper impregnated with silica gel and silver nitrate (Stamford & Unger, 1972) Fig. 1associated tumour types (Fig. 2) . respectively for well and poorly differentiated tumours respectively; Fig. 3 ). Overall, total PG-lm showed a weak inverse correlation (P < 0 2) with the mitotic figure score (Fig. 4) , and tended to be greatest when necrosis or neutrophil content were moderate (Fig. 5) . Samples of macroscopically normal lung tissue were examined histologically for lymphocytes, neutrophils, macrophages, haemorrhage and the degree of fibrosis. Mainly macrophages were seen, and their numbers correlated with amounts of PG-lm (total P < 0-001, basal P < 0 05, n = 132 and 131 respectively). The tumours were divided into 4 groups according to size (mean diameters (d) of <3 cm; 3 to <5; 5 to <7 and >7 cm; Soorae & Abbey Smith, 1977) . All the undifferentiated small-cell carcinomas, and about half of each other type, were of d3 to < 5 cm. Overall, 17% were of d < 3 cm, 19% were 5 to < 7, and 10%, d) 7. Well and poorly differentiated squamous carcinomas showed great differences in PG-lm according to tumour size, but it was not feasible in those groups with small numbers to analyse this statistically. Poorly differentiated squamous tumours of <3 cm diameter yielded highest amounts of PG-lm, in contrast to the low amounts from well differentiated tumours of the same size (respectively 440 (150-2800) ng and 22 (4-34) ng PGE2 equivalents/g, n= 6 and 7).
Chromatography of 34 samples showed material that chromatographed with the Rf of PGE2 in 31 cases, and on average it accounted for 54% of the biological activity on rat gastric fundus. In 26 samples there was material, representing on average 13% of total biological activity, which chromatographed at the Rf of PGE1; substances that chromatographed with 6-keto-PGF1cJ/PGFIa and with PGF2X accounted for 5% (11 samples), and 6% (22 samples) of the biological activity. Overall, > 20% of the remaining activity was distributed throughout the chromatograms and did not correspond with any of the authentic standards chromatographed (PGs E1, E2, E3, Fla, F2X, F3a, and 6-keto-Fi,). Poorly differentiated squamous carcinomas yielded the highest percentage of PGE2-like activity, and also yielded high amounts of total biological activity. Comparatively low amounts of PGE2-like activity were produced by well differentiated squamous carcinomas and undifferentiated large-cell carcinomas, in agreement with the lower amounts of biological activity found in the unchromatographed extracts (Table II) .
The rat fundic strip responded to some FIc. 6.-Contractions of rat gastric fundus to tumour extract (e, shown in ml) and to PGE2 (shown as numbers representing ng) added to the 5ml bath. The extract used in the left-hand tracing produced a faster contraction than PGE2 and a faster relaxation after wash-out (contact time 1-5 min). In the right-hand trace, responses to the extract and PGE 2 had a similar shape. extracts with contractions similar to those obtained with PGE2. In other cases the responses were faster, and the tissue relaxed more quickly on washout, indicating that non-PGE2-like biological activity was present (Fig. 6 ).
DISCUSSION
In common with most other malignant tumours (Bennett, 1979 (Bennett, , 1982 , human lung carcinomas can yield substantial amounts of prostaglandins. The methods used in this paper do not identify the substances measured by bioassay, but using gas chromatography-mass spectrometry we have recently identified various prostaglandins and related substances in extracts of human lung carcinomas and normal tissue (Hensby et al., 1982) . These include arachidonic acid, 6-KetoPGFla, thromboxane B2 and 12-HETE. Our bioassay results on unchromatographed extracts therefore represent the biological activity of a mixture of acidic lipids. This has the advantage of relating our histological findings to the total biological activity detected by the assay tissue, but has the disadvantage of not identifying and quantitating the individual components. Furthermore, the rat gastric fundus responds poorly to certain prostanoids, e.g. 6-keto-PGF1a, which could therefore be present in large amounts but make little contribution to the measured biological activity. The interpretation of bioassay results has been discussed more fully elsewhere, together with the sources (malignant cells, host tissues, etc.) and effects of prostaglandins (Bennett, 1979 (Bennett, , 1982 . Histological assessment is also beset with difficulties, for example in relation to variations throughout the tumour which would be undetected by examination of only one section. However, the section studied was adjacent to the piece extracted for prostaglandins.
Median amounts of prostaglandin-like material (PG-lm) from normal lung were similar regardless of the type of associated tumour. In contrast, amounts of PG-lm from tumours varied greatly according to type, and were usually greater than from the normal tissue. With squamous carcinomas the yield of PG-lm was greater from poorly than from well differentiated tumours, thus indicating an inverse relationship to prognosis. This is similar to the finding with breast tumours (Bennett et al., 1977 (Bennett et al., , 1979 Rolland et al., 1980) . The other lung tumours seem to show an opposite relationship to squamous lung tumours and to breast carcinomas. Prognosis with lung tumours is presumably: well differentiated adenocarcinomas > poorly differentiated adenocarcinomas > undifferentiated (large-and small-cell) tumours, which parallels the amounts of extracted PG-lm. Many mitotic figures might seem to suggest a bad prognosis, but Weiss (1971) found no correlation between the mitotic index and prognosis. Nevertheless, judged from single sections, the numbers showed an inverse relationship to tumour PG-lm. Furthermore, the median tumour yield of total PG-lm in patients surviving more than 2 years after surgery was approximately 3 times more than those surviving 2 years or less (preliminary unpublished data). Evidence from animal studies is variable (see Bennett, 1979 Bennett, , 1982 , but some studies in vitro demonstrate that prostaglandins can inhibit cell proliferation (e.g. Johnson & Pastan, 1971) and PGE2 stimulates the differentiation of mouse neuroblastoma cells in culture (Prasad, 1972) .
The importance of prostaglandins in lung tumours remains to be determined, and the findings must be interpreted cautiously. Apart from the numerous problems of tumour variations, methodology, and different effects of various prostaglandins, our patients are a selected sample since only about 20% of lung cancer patients are treated surgically. However, if our results reflect the biology of the tumour in vivo they could be of clinical value, and could influence the use of drugs which alter prostaglandin metabolism. The possibility arises that inhibition of prostaglandin synthesis might have beneficial or deleterious effects, depending on the type of cancer.
